Introduction
Composites are combinations of two materials in which one of the materials, called the reinforcing phase, is in the form of fiber sheets or particles and are embedded in the other material called the matrix phase. The primary functions of the matrix are to transfer stresses between the reinforcing fibers/particles and to protect them from mechanical and/or environmental damage whereas the presence of fibers/particles in a composite improves its mechanical properties such as strength, stiffness etc. A composite is therefore a synergistic combination of two or more microconstituents that differ in physical form and chemical composition and which are insoluble in each other. The objective is to take advantage of the superior properties of both materials without compromising on the weakness of either.
Literature Review
Hard particulate fillers consisting of ceramic or metal particles and fiber fillers made of glass are being used these days to dramatically improve the mechanical properties such as wear resistance, even up to three orders of magnitude [5] . Various kinds of polymers and polymer matrix composites reinforced with metal particles have a wide range of industrial applications such as heaters, electrodes [6] , composites with thermal durability at high temperature [7] etc. These engineering composites are desired due to their low density, high corrosion resistance, ease of fabrication and low cost [8] [9] [10] .
Similarly, ceramic filled polymer composites have been the subject of extensive research in last two decades. The inclusion of inorganic fillers into polymers for commercial applications is primarily aimed at the cost reduction and stiffness improvement [11, 12] . Along with fiber-reinforced composites, the composites made with particulate fillers have been found to perform well in many real operational conditions. When silica particles are added into a polymer matrix to form a composite, they play an important role in improving electrical, mechanical and thermal properties of the composites [13, 14] . Currently, particle size is being reduced rapidly and many studies have focused on how single-particle size affects mechanical properties [15] [16] [17] . The shape, size, volume fraction and specific surface area of such added particles have been found to affect mechanical properties of the composites greatly. In this regard, Yamamoto et al. [18] reported that the structure and shape of silica particle have significant effects on the mechanical properties such as fatigue resistance, tensile and fracture properties. Nakamura et al. [19] [20] [21] discussed the effects of size and shape of silica particle on the strength and fracture toughness based on particle-matrix adhesion and also found an increase of the flexural and tensile strength as specific surface area of particles increased.
Material Considered

Matrix Material (Polyester)
Unsaturated isophthalic polyester supplied by Reliance India Ltd. is taken as the matrix materials in the present investigation. Unsaturated isophthalic polyester resinPolyester is a category of polymer which contains the ester functional group in their main chain. The term unsaturated polyester resin is generally referred to the unsaturated (means containing chemical double bonds) resins formed by the reaction of dibasic organic acids and polyhydric alcohols. Polyester resin is also known as a thermosetting plastic, which implies the plastic sets at high temperatures
Filler Material (Zirconium dioxide)
Zirconium dioxide (ZrO 2 ), sometimes known as zirconia (not to be confused with zircon), is a white crystalline oxide of zirconium. Its most naturally occurring form, with a monoclinic crystalline structure, is the mineral baddeleyite. A dopant stabilized cubic structured zirconia, cubic zirconia, is synthesized in various colours for use as a gemstone and a diamond simulant. Zirconia is chemically unreactive. Zirconium dioxide is one of the most studied ceramic materials. ZrO 2 adopts a monoclinic crystalstructure at room-temperature and transitions to tetragonal and cubic at higher temperatures.
Composite Fabrication
Composite samples of various compositions are prepared by hand lay-up technique. Hand lay-up technique is the oldest and simplest technique for composite fabrication. The polyester-zirconia composites are prepared in the following steps (i) uncured polyester and its corresponding hardener is mixed in a ratio of 10:1 by weight as per recommendation.
(ii) Micro-sized zirconia particles are mixed with the polyester in different proportions. (iii) The uniformly mixed dough (polyester filled with zirconia) is then slowly decanted into the glass molds so as to get disc type specimens (diameter 50 mm and thickness 3 mm) coated beforehand with wax and a uniform thin film of silicone-releasing agent. (iv) The castings are then left at room temperature for about 24 hours and then the glass molds are broken and the samples are released. 
Numerical Analysis
In the numerical analysis of the heat conduction problem, the temperatures at the nodes along the surfaces ABCD is prescribed as T 1 (=100 0 C) and the convective heat transfer coefficient is assumed to be 2.5 W/m 2 -K at ambient temperature of 27°C. The heat flow direction and the boundary conditions are shown in Fig. 2 . It can be seen from the graph that for less filler concentration, the slope of the curve is less and as the filler volume fraction increases, the curves representing FEM and experimental values become steeper. It might be due to the fact that with increase in filler concentration, the inter-particle distance reduces and the conductive chains begin to form which increase the thermal conductivity quite reasonably. 
Conclusions
This numerical investigation has led to the following specific conclusions:
Finite element method can be gainfully employed to determine equivalent thermal conductivity of these composite with different amount of filler content. A good agreement of FEM results with those obtained from experimental efforts validates the usefulness of this numerical method.
Incorporation of zirconia particles results in increase of thermal conductivity of polyester and thereby improves its conduction capability. With addition of 1.41 vol% of ZrO 2 particle (100 micron size), the thermal conductivity increases by about 9 % as compared to neat polyester and it increases by as high as 77 % by adding 11.31% of same particle. This new class of zirconia particle filled polyester composites can be used for applications such as thermal fuses, electronic packaging etc.
Scope for Future Work
This work leaves a wide scope for future investigators to explore many other aspects of thermal behavior of particulate filled composites. Some recommendations for future research include:
Effect of filler shape on thermal conductivity of the composites. Exploration of new fillers and polymers for development of materials having high thermal conductivity.
